A) Synthesis a. Materials Solvents were dried and distilled by standard procedures and all reactions and manipulations were performed under an inert atmosphere of argon or nitrogen using standard Schlenk and vacuum-line techniques. Flash chromatography was performed on silica gel Merck 60 (40-63 μm). NMR spectra were recorded on a 400 MHz Bruker spectrometer. Compound 1a was prepared according to ref.
i . Compounds 2a, 3a, 2b and 3b were prepared according to ref.
ii N-ethylmaleimide (NEM) was purchased from Pierce (Thermo-Fischer). Papain was purchased from Fluka (ref 76220) and purified by affinity chromatography according to ref.
iii . The hydrolytic activity of papain, papain-1a and papain-NEM was assayed using L-pyroglutamyl-L-phenylalanyl-L-leucine-p-nitroanilide (PFLNa) purchased from Bachem in 100 mM phosphate, 300 mM KCl, 0.1 mM EDTA pH 6.5 containing 10% DMSO (v/v) .
iv GC analyses were performed on a CP-3380 gas chromatograph (Varian) equipped with a Chrompack capillary column CP-Chiralsil-Dex CB. Reverse phase HPLC of 1b was performed with a Nucleosil C8 column (5 um, 4.6 x 250 mm). Species were eluted isocratically with 15 % MeCN-0.1% formic acid in H 2 O-0.1% formic acid at 1 ml/min.
b. [Ru{η

-C H 5 -CH 2 -CH 2 -NH-CO-CH 2 Cl}(phen)H 2 O](BF 4 ) 2 1b
Compound 1b was prepared by a procedure adapted from ref.
2
. A mixture of the monocationic complex 1a (0.0727 mmol, 40 mg) and one equivalent of silver sulphate (0.0727 mmol, 22.7 mg) in water (11 ml) was stirred for 2 h in the dark at room temperature. The white precipitate (AgCl) was removed by canula filtration from the yellow solution. Two equivalents of NaBF 4 (0.0727 mmol, 16 mg) were dissolved in the solution. After evaporation of the water, the yellow solid was dissolved in 5 ml of dry acetonitrile and filtered on celite. The solvent was evaporated, and the solid redissolved in water to replace a molecule of acetonitrile coordinated to the metal by a molecule of water. After concentration of the solution and storage at 4°C, the colourless solution was filtered, and the yellow solid was dried under vacuum. Yield: 82 %. Hz, 2H), 6.50 (t, J = 6.3 Hz, 2H), 6.27 (d, J = 6.3 Hz, 2H), 6.01 (t, J = 5.9 Hz, 1H), 3.58 (t, J = 6.3 Hz, 2H), 2.66 (t, J = 6.6 Hz, 2H).
13
C NMR (100 MHz, D 2 O) δ 169. 9, 155.6, 146.4, 140.4, 131.0, 127.7, 126.7, 102.0, 88.7, 83.9, 81.0, 42.1, 38.9, 32 c. PAP-1a conjugate Papain (3.24 mg) in 20 mM phosphate buffer pH 7, 0.4 M NaCl (40 ml) and 1a (1.2 mg, ca. 16 molar eq.) were mixed together and incubated overnight at room temperature without stirring. The solution was concentrated to 5 ml by ultrafiltration in a stirred cell (Millipore) equipped with an ultracell 5kD membrane (Millipore) and passed on a gel desalting column (Hiprep 26/10, Pharmacia) using 0.15 M NaCl at 5 ml/min as eluent. Fractions containing the protein were pooled and the solution was concentrated to 2 ml by ultrafiltration in a stirred cell (Millipore) equipped with an ultracell 5kD membrane (Millipore). The solution was eventually dialysed in water in a 7 kD dialysis tube (Novagen) for 40 h at 4°C.
d. ESI-MS characterisation of PAP-1a
ESI-MS spectra were acquired on a triple quadrupole mass spectrometer API 3000 LC-MS/MS system (Applied Biosystems, PE Sciex) in positive-ion mode with the following parameters: declustering potential 20 V, capillary voltage 5000 V, source temperature 400°C. The protein sample (20 µl of a 0.4 mM solution acidified by addition of 5 µl 10% HCOOH) was introduced through the liquid chromatography system (Agilent 1100 series) without column into the turbo ionspray source using H 2 O/MeOH (1:1) as eluent (0.2 mL/min). the mass spectrum containing multi-charged protein species was deconvoluted with the Magtran 1.03 software v . Table S3 . Atomic coordinates and equivalent isotropic displacement parameters (Å 2 x 10 3 ). U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. 154.29(19) c. Kinetic plots of aquation of 1a and anation of 1b Measurement of aquation and anation rate constants was carried out from a previously described experimental procedure.
ix Anation of 1b: An aqueous solution of 1b (50 ul ; 1 mM) was mixed with NaCl (5 M ; 1, 2, 5 or 10 ul) and water was added to a final volume of 500 ul. The uv spectrum was recorded every min for 15 min between 250 and 400 nm ( fig. S4 ). Aquation of 1a: A solution of 1a in DMSO (50 ul ; 1 mM) was mixed with water (450 ul). The uv spectrum between 250 and 400 nm was recorded every 15 min for 12 h. The pseudo-first order rates constant of anation of 1b k' Cl were determined by plotting the absorbance at 250 nm as a function of time ( fig. S5, A) . Data were fitted to a first order law equation (1) by non linear regression analysis with Kaleidagraph.
(
where A is A 250 at time t, C 0 and C 1 are constants and k is the pseudo first order rate constant k' Cl . The second-order rate constant of anation of 1b k Cl was calculated from the slope of the plot of the pseudo-first-order rate constants k' Cl vs. [Cl -] ( fig. S5 , A, inset).
The first order rate constant of hydrolysis of 1a k H2O was determined by plotting the absorbance at 279 nm as a function of time ( fig. S5, B ). Data were fitted to a first order law equation (1) by non linear regression analysis with Kaleidagraph to yield the first order rate constant k H2O . The equilibrium constant of the hydrolysis reaction K aq was calculated from the k H2O / k Cl ratio.
k Cl = 2.6 M -1 min -1 ; k H2O = 0.0088 min -1 ; K aq = 3.5 mM D) Catalysis experiments a. General procedure Acrolein (46 µmol, 3 µl) was dissolved in 1 ml of deionised water placed in a glass tube. The tube was placed in a cold bath cooled to 2°C and left to equilibrate for 1 h before the addition of CpH (460 µmol, 38 µl). The catalyst was added to the solution and the mixture was stirred. The formation of bicyclo[2.2.1]hept-5-ene-2-carboxaldehyde (exo + endo isomers) was monitored by GC analysis during 250 min by periodical removal of 50 µl aliquots followed by extraction with diethyl ether (0.1 ml) and using decane as an internal standard.
b. Kinetic plots of catalysis experiments with 1a, 1b-3b at 10 mol% Figure S6 . Kinetic plots of the DA reaction between acrolein and cyclopentadiene in water at 2°C. Data points were fitted to a pseudo-first order law equation by non-linear regression analysis using Kaleidagraph. 
